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Octahedral and square
planar geometryAbstract A new series of Co(II), Ni(II), Cu(II) and Zn(II) metal complexes of a novel ligand 3-(2-
(1-(2,4-DihydroxyPhenyl)ethylidene)hydrazinyl)-2H-benzo[b][1,4]oxazin-2-one, (DPE-HBO) were
prepared and characterized. Microwave synthesis of the ligand was also carried out which gave a
high increase in its yield within very short time. 3D molecular modeling structure of the ligand is
obtained by using ArgusLab software. The nature of bonding and the stereochemistry of the com-
plexes have been deduced from elemental analysis, thermal, infrared, electronic spectra, magnetic
moments and conductivity measurements. ESR spectrum of Cu(II) complex is studied. All the com-
plexes show subnormal magnetic moments. ONNO donor atoms participate in coordination with
Cu(II) and Zn(II) complexes exhibiting octahedral geometry. Co(II) and Ni(II) complexes behave
differently with ONNO donor atoms showing two types of geometries i.e., octahedral and square
planar within the same complex.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Benzoxazines are an important class of oxygen–nitrogen het-
erocyclic compounds with a variety of biological activitiesand have attracted the attention of many researchers and are
used as key structural motifs for the synthesis of various phar-
maceutical agents speciﬁcally as antifungal [1], Antimicrobial
[2], 5HT1A receptor agonists, anti-thrombotic and cardiovas-
cular agents [3], normolipemic agents [4] inotropic chrono-
tropic and coronary vasodilating agents, antirheumatic
agents [5], serotonin-3(5HT3) receptor antagonists, neuropep-
tide y5 antagonists, neuroprotective agents, estrogen receptor
b agonists, antimycobacterial agents and antidiabetic agents.
Metal complexes of benzoxazine derivatives have received
less attention inspite of their potential metal binding properties
and promising applicabilities. Importance was hence given to
study these systems in our laboratories.
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present paper we described the synthesis and characterization
of 3-(2-(1-(2,4-dihydroxyphenyl)ethylidene)hydrazinyl)-2H-
benzo[b][1,4]oxazin-2-one (DPE-HBO) ligand and its Co(II),
Ni(II), Cu(II) and Zn(II) metal complexes. Microwave assisted
synthesis of DPE-HBO was also carried out which gave good
enhancement in the yield. The applications of microwave-
irradiation are used for carrying out chemical transformations,
which are pollution free, eco-friendly, low cost and offer high
yields together with simplicity in processing and handling. The
salient features of microwave approach are shorter reaction
times, simple reaction conditions and enhancements in yields.
2. Experimental
2.1. Materials and methods
All the chemicals used were either of AR grade or chemically
pure grade including the metal salts. 1H NMR data were
obtained on a Varian 400 MHz Mercury plus spectrometer
and Bruker Biospin Switzerland AVANCE-III 400 MHz FT
Digital NMR Spectrometer using DMSO-d6 at room temper-
ature using TMS as internal standard. IR spectra were
recorded using KBr discs in the region of 4000–400 cm1 on
Brucker optics Germany TENSOR 27 FTIR. Far IR spectrum
was also recorded in the region of 750–250 cm1 using IR Pres-
tige-21 Shimadzu Spectrophotometer. Solid UV spectra were
recorded on UV-3600 Shimadzu UV–Vis–NIR spectrometer.
The elemental analysis was carried out using micro analytical
techniques, on a Thermo Finnigan Flash EA 1112 elemental
analyzer. Total chloride content was estimated by argentome-
try. The metal contents were estimated using a Shimadzu AA-
6300 Atomic absorption spectrophotometer. The electrical
conductance measurements were recorded using freshly pre-
pared DMSO solutions (1 · 103 M) using Elico digital con-
ductivity meter (model CM-180) having a dip type cell
calibrated with KCl solution. A mass spectrum was recorded
on a Shimadzu Japan LCMS-2010 A spectrometer. The mag-
netic susceptibilities of the complexes were recorded on a Far-
aday magnetic susceptibility millibalance model: 7550, at room
temperature using Hg[Co(SCN)4] as the standard. The dia-
magnetic corrections were made by using Pascal’s constants
and temperature independent paramagnetic corrections were
computed [6]. The presence of coordinated water or crystal
water was established by TGA studies using TGA Q 5000
V3.13 build 261 instrument. The melting point was established
for complexes by DSC studies using DSC Q 1000V9.9 build
303 instrument. ESR spectrum of Cu(II) complex was recorded
on JEOL, JES-A200 ESR spectrometer at room temperature
and liquid nitrogen temperature (LNT). The XRD was
recorded in the range 5 to 80 2h values on a Rigaku Miniﬂex
diffractometer. The possible geometry of the Schiff base was
evaluated using molecular calculation with ArgusLab
software.
2.2. Synthesis of the ligand DPE-HBO
2.2.1. Conventional method for the synthesis of the ligand
DPE-HBO was prepared by a three-step process involving the
synthesis of 1,4-benzoxazine-2,3-dione (BDO) [7] and 3-hydra-
zino-1,4-benzoxazine-2-one (HBO) [8].3-Hydrazino-1,4-benzoxazin-2-one (HBO) (0.01 M, 1.77 g)
was dissolved in hot distilled water (25 ml). 2,4-Dihydroxyace-
tophenone (0.01 M, 1.52 g) dissolved in hot water (25 ml) and
few drops of piperidine catalyst were added to it drop by drop
with constant stirring. The contents were then boiled to reﬂux
on a heating mantle for 3 h. A dark yellow colored solid was
separated out. It was ﬁltered under hot conditions, washed
repeatedly with small amounts of distilled water; recrystallised
from acetic acid and dried in vacuo. Color: Dark Yellow,
Yield: 75%, m.p. >300 C.
2.2.2. Microwave assisted method for the synthesis of the ligand
The equimolar (1:1) ratio of 3-hydrazino-1,4-benzoxazin-2-one
(HBO) (0.01 M, 1.77 g) and 2,4-dihydroxyacetophenone
(0.01 M, 1.52 g) was mixed thoroughly in a grinder. The reac-
tion mixture was then irradiated by the microwave oven by
taking 4–5 ml of distilled water as the solvent and two drops
of piperidine catalyst. The reaction was completed in a very
short period (4–5 min) with higher yields. The resulting dark
yellow product was then separated out, ﬁltered under hot con-
ditions, washed repeatedly with small amounts of distilled
water, recrystallised from acetic acid and dried in vacuo. The
progress of the reaction and purity of the product were moni-
tored by TLC. Yield: 89–90%.
2.3. Synthesis of metal complexes
The following general method was adopted for the synthesis of
all the metal complexes.
To the ligand DPE-HBO (0.01 M, 3.11 g) dissolved in hot
DMSO (20 ml), methanolic solution of the respective divalent
metal chloride (40 ml) [(0.005 M) 1.18 g Co(II), 1.18 g Ni(II),
0.85 g Cu(II) and 0.68 g Zn(II)] was added slowly. Eachmixture
was treated with 10% methanolic ammonia solution to adjust
the pH to 7–8 range and the resultant mixture was heated under
reﬂux for 3 h on hotmantle. The bright coloredmetal complexes
thus separated were ﬁltered, washed successively with small
amounts of distilled water, methanol, petroleum ether and dried
in vacuum. The purity of the complexes was tested by thin layer
chromatography using different solvent mixtures.
Yields of complexes: Co(II) – 60%, Ni(II) – 65%, Cu(II) –
50%, Zn(II) – 80%.
The complexes are colored and quite stable to air and mois-
ture. The complexes are insoluble in most of the polar and
nonpolar solvents, but are sparingly soluble in DMSO.
The melting points of Co(II), Ni(II), Cu(II), Zn(II) com-
plexes are 320 C, 322 C, 317 C, 320.67 C, respectively.
3. Results and discussion
3.1. Characterization of the ligand
Elemental analysis (Found: C 61.68; H 4.19; N 13.58; calcd: C
61.7; H 4.18; N 13.5%) indicated that the ligand has the molec-
ular formula C16H13N3O4.
The LC–MS mass spectrum recorded at room temperature
resolves an M+1 peak observed at m/z 312 which is consistent
with the molecular weight of the ligand 311.
1H NMR spectrum of DPE-HBO was recorded in DMSO-
d6. The chemical shifts (d) are given in ppm downﬁeld from tet-
ramethyl silane. The spectrum shows characteristic signals due
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between 6 and 8 d which can be attributed to aromatic protons
of DPE-HBO [9,10]. The methyl protons on (–N‚C–CH3)
resonate at 2.45 d (singlet) [11,12]. The signal at 10.2 d (singlet)
can be attributed to the proton of NH group. The two singlets
at lower ﬁeld 11.85 d and 13.6 d can be assigned to 2 –OH
groups (Phenolic) [13,14]. The three aromatic protons of the
benzoxazine ring appear as a multiplet in the range of 6.8–
7.1 d and the fourth proton as a doublet at 7.9 d and the three
aromatic protons of the resacetophenone moiety of the Schiff
base appear as two doublets at 6.41 and 7.6 d and a singlet at
6.38 d. The integral strengths and ratios of the protons also
agree with the expected structure. The results have been sub-
stantiated by D2O exchange studies.
The IR spectrum of DPE-HBO presents a broad peak at
3543–3430 cm1 corresponding to m(OH) (phenolic) [15,16].
A sharp peak at 3268 cm1 can be assigned to m(NH) [15,17].
The m(C–O) (phenolic) of ligand is observed at 1171 cm1.
The strong band with a shoulder noticed at 1603 cm1 can
be attributed to m(C‚O) of the lactone carbonyl group [15].
The spectrum also presents a broad band with a shoulder at
1567 cm1 corresponding to m(C‚N) [18] of both free and ring
azomethine groups. The m(N–N) vibration is noticed at
1058 cm1 [16]. A small band noticed at 3038 cm1 is due to
m(CH) aryl [19], aliphatic asymmetric CH stretching is noticed
at 2924 and 1361 cm1 band may be ascribed to CH symmetric
bending of the methyl group of the ligand [19]. Aromatic
m(C‚C) stretching vibration is seen as a sharp peak at
1443 cm1 [16].
The electronic spectrum of DPE-HBO solid sample was
recorded in the range of 200–1600 nm. It exhibits several elec-
tronic bands corresponding to the expected structure. The
band at 37,735 cm1 is due to the p–p* transition of substituted
benzene moiety of the ligand. The band appearing at
33,670 cm1 can be attributed to n–p* of benzoxazine moiety.
The band at 32,362 cm1 is due to the n–p* transition of the
phenolic group [20,21]. The band observed at 31,545 cm1 is
due to lactone carbonyl group chromophore, p–p* and n–p*
transitions of ring and free azomethine groups are observed
at 31,948 and 31,645 cm1.
3.1.1. Molecular modeling studies of DPE-HBO
The possible geometry of the Schiff base was evaluated using
molecular calculation with ArgusLab software [22] (Fig. 1).
The molecule was built and geometry optimization was done
using quantum mechanics, molecular orbital calculations were
performed with AM1 (Austin Model 1) approximation, for theFigure 1 Molecular modeling structure of DPE-HBO.synthesized ligand. The Self consistent ﬁeld (SCF) energy value
and heat of formation DHf for the optimized geometry are
reported below. The electron density surfaces of highest occu-
pied molecular orbitals (HOMO) and lowest unoccupied
molecular orbitals (LUMO), are also generated from the calcu-
lations for the ground state of the molecule.
Final SCF Energy ¼ 95170:2380 kcal=mol
Heat of Formation ¼ 29:0407 kcal=mol3.2. Characterization of metal complexes
All the complexes are colored and quite stable to air and mois-
ture. The complexes are insoluble in common organic solvents
but are sparingly soluble in DMSO.
3.2.1. Elemental analysis of metal complexes
Based on C, H, N, metal and Cl analysis (Table 1) the follow-
ing formulae are proposed: Co3C32H28N6O11Cl2, Ni3C32H26
N6O10Cl2, CuC16H18N3O7, ZnC16H16N3O6.
Elemental analysis shows metal to ligand ratio as 1:1 in
Cu(II) and Zn(II) complexes and a ratio of 3:2 in Co(II) and
Ni(II) complexes. Data also show M:Cl ratio to be 3:2 in
Co(II) and Ni(II) complexes. The higher ratios of hydrogen
and oxygen indicate the probable presence of water molecules.
3.2.2. Molar conductance of metal complexes
The molar conductance measurements, recorded for
1 · 103 M DMSO solutions of the metal complexes are listed
in Table 1. The studies show negligible molar conductance val-
ues (2–8 mho cm2 mol1), indicating that the complexes are
non electrolytes [23,24,18] and the presence of chloride ions
within the coordination sphere [17] of Co(II) and Ni(II)
complexes.
3.2.3. Thermal analysis of metal complexes
The simultaneous TGA/DTG and DSC analysis of all the
metal complexes were studied where the heating rates were
suitably controlled at 10 C min1 under nitrogen atmosphere
and the weight loss was measured from ambient temperature
to 350 C. The TGA/DTG and DSC data are summarized in
Table 2 and the representative thermo gram is given in Fig. 2.
The TG curve of Co(II) complex indicates a total weight
loss of 5.89% (calcd. 5.91%) which is observed in two steps,
(i) a small weight loss of 1.90% (1.94%) in the range of 40–
67.5 C which is associated with the loss of one lattice water
[16], (ii) second step involved a weight loss of 3.99% (3.97%)
in the range of 92.5–117 C attributable to the loss of two
coordinated water molecules. The DTG curve of Co(II) com-
plex shows two small and sharp peaks in the range of around
60 C and 105 C which are attributable to the loss of crystal-
line and coordinated water and at 334 C a sharp intense peak
is assigned for decomposition of the complex. The DSC result
of the complex shows dehydration of water (two endothermic
peaks) at 62.6 and 109.7 C and it also exhibits two peaks, one
at 320 C which is its melting temperature and a peak at 334 C
which is usually associated with some decompositions, reduc-
tions or phase transitions.
The TG of Ni(II) complex indicates a weight loss of 3.94%
(calcd. 3.97%) which is observed in a single step in the temper-
Figure 2 TGA of Co(II) complex.
Table 2 Thermo analytical results of DPE-HBO metal complexes.
Complexes Temperature
of TGA (C)
Temperature
of DTG
Weight loss (%) Assignment DSC Temp. (C)
Endothermic peaks
Calc. Found
Co(II) complex (1) 40–67.5 60 1.94 1.90 Two step process. (1) with loss of 1 lattice
water molecule
62.60, 109.73, 320, 334 C
(2) 92.5–117 105 3.97 3.99 (2) loss of 2 coordinated water molecules.
Ni(II) complex 67.5–117.5 105 3.97 3.94 Single step process with loss of 2
coordinated water molecules
108.62, 177.13, 322, 340 C
Cu(II) complex (1) 55–92.5 107 4.20 3.99 Two step process. (1) with loss of 1 lattice
water molecule
119.22, 158.63, 317, 335 C
(2) 103–142.5 130 8.40 8.46 (2) loss of 2 coordinated water molecules
Zn(II) complex 50–125 62.5 and 102 8.73 8.66 Two step process with loss of 2
coordinated water molecules
62.11, 109.19, 298.73, 320.67 C
Table 1 Analytical data and physical properties of DPE-HBO complexes.
Complex with Emp.
formula
Mol.
wt.
Color M. pt.
(C)
Yield
(%)
Elements (found)% Calc. Km
(1 cm2
mol1)
M C H N Cl
[Co3(L)2(Cl)2(H2O)2]ÆH2O
Co3C32H28N6O11Cl2
924 Dark brown 320 60 19.13 (19.58) 41.55 (41.96) 3.030 (3.045) 9.09 (9.40) 7.68 (8.18) 2.4
[Ni3(L)2(Cl)2(H2O)2]
Ni3C32H26N6O10Cl2
905 Dark brownish
black
322 65 19.45 (19.85) 42.43 (42.90) 2.87 (2.93) 9.28 (9.51) 7.84 (8.33) 7.7
[Cu(L)(H2O)2]ÆH2O
CuC16H18N3O7
429 Brown 317 50 14.81 (15.04) 44.75 (45.46) 4.19 (4.24) 9.79 (10.20) _ 2.1
[Zn(L)(H2O)2]
ZnC16H16N3O6
411 Yellow 320.6 80 15.98 (16.22) 46.6 (46.72) 3.89 (3.90) 10.21 (10.34) _ 2.6
S460 N. Kavitha, P.V. Anantha Lakshmiature range of 67.5–117.5 C associated with the loss of two
coordinated water molecules. The DTG curve of this complex
shows a short broad peak around 105 C which is assigned to
loss of water, another broad peak at around 180 C may be
due to some decompositions followed by a very sharp and high
intense peak at 334 C for complete decomposition of the com-
plex. An endothermic peak at 108.62 C on the DSC curve ofthe Ni(II) complex corresponds to dehydration step, and an
endothermic peak at 177.13 C may be associated with some
reductions or phase transitions followed by another peak at
322 C which can be considered as its melting point and under-
goes further decomposition at around 340 C.
TGA of Cu(II) complex showed a total weight loss of
12.45% (calcd. 12.60%) which is shown in two stages, (i) a
Thermogravimetric analysis of Co(II), Ni(II), Cu(II) and Zn(II) complexes S461small weight loss of 3.99% (4.20%) in the range of 55–92.5 C
conﬁned to loss of one lattice water (ii) in the range of 103–
142.5 C a weight loss of 8.46% (8.40%) is attributable to loss
of two coordinated water molecules. The DTG curve showed
short and broad merged peaks at 107 C and 130 C attribut-
able to loss of both lattice and coordinated water molecules
and another sharp peak around 336 C due to the decomposi-
tion of the complex. DSC analysis represents decomposition of
water molecules shown by single endothermic peak under an
air ﬂux at 119.2 C. It also exhibits an endothermic peak at
158.63 C which may be due to some reductions or phase tran-
sitions. An endothermic peak at 317 C would be associated
with its melting point which may lead to ﬁnal decomposition
of the ligand moiety around the metal ion at 335 C.
TGA of Zn(II) complex indicated a total weight loss of
8.66% (calcd. 8.73%) which is observed in two steps in the
temperature range of 50–125 C due to the loss of two coordi-
nated water molecules and its DTG curve showed very small
and large peaks at 62.5 and 102 C representing water loss
after which it may undergo further decomposition. DSC anal-
ysis of the complex shows dehydration of water molecules
shown by two endothermic peaks at 62.1 and 109 C. It is
exhibiting a very small endothermic peak at 298.73 C which
may be associated with reduction or phase transition. A very
sharp endothermic peak at 320.67 C shows the melting point
of the complex after which it may suffer endothermic decom-
position. The percentage weight loss in all the complexes is
in agreement with the calculated values.
3.2.4. Infrared spectra of the complexes
The IR and far IR characteristic frequencies of metal com-
plexes are given in Table 3.
The IR spectrum of the free ligand shows a sharp peak at
3268 cm1 assigned to m(NH) [17], a broad band at 3543–
3430 cm1 corresponding to m(OH) (phenolic). However, IR
spectra of all the complexes reveal the presence of a new broad
band in the region of 3000–3750 cm1 which can be attributed
to a combination of m(NH) and m(OH) of coordinated/lattice
water [25–27]. The changes in stretching frequencies concerned
with m(NH) and m(OH) cannot be identiﬁed as that region is
merged with m(OH) of water and appear as a broad band in
the complexes. As the complexes are isolated in slightly alka-
line media the deprotonation of the phenolic group is unavoid-
able. A medium intensity band at 1171 cm1 in this ligand
assignable to m(C–O) is seen to have undergone a positive shift
by 8–18 cm1 in all its complexes. This positive shift which
indicates coordination of the phenolic oxygen [28] may be
attributed to the drift of electron density from oxygen to the
metal ion resulting in a greater ionic character of m(C–O) bond
and a consequent increase in m(C–O) vibrational frequency
[29]. The presence of coordinated water is further conﬁrmedTable 3 Characteristic infrared frequencies of DPE-HBO complexe
Compound m(OH)
phenolic/H2O
m(NH) m(C‚O) m(C‚N)
(free)
m(C‚N)
(ring)
DPE-HBO 3543-3430(b) 3268 1603 1567
Co(II) complex 3600-3000 (b) 1609 1519
Ni(II) complex 3545-3260 (b) 1609 1536
Cu(II) complex 3640-3260 (b) 1603 1532
Zn(II) complex 3750-3020 (b) 1604 1500by the appearance of non-ligand bands in the region of 998–
1023 cm1 assignable to the rocking mode of coordinated
water [25,17]. The presence of coordinated water in all these
complexes is proved by thermal analysis. The presence of lat-
tice water in the Co(II) and Cu(II) complexes is also conﬁrmed
by TG and DTG analysis.
A strong band with a shoulder noticed at 1603 cm1 attrib-
uted to lactone m(C‚O) [15] is found to be unchanged in all
the complexes ruling out the possibility of carbonyl oxygen
taking part in the chelation [9]. The downward shift of the
broad band at 1567 cm1 corresponding to m(C‚N) to
1536–1500 cm1 of both free and ring azomethine groups in
all metal complexes indicated the coordination of both the
nitrogen atoms of the azomethine groups to the metal ion
[30]. It is expected that coordination of nitrogen to the metal
would reduce the electron density on the azomethine nitrogen
and thus lower the –HC‚N absorption [31]. This is further
conﬁrmed by the upward shift of m(N–N) band of free ligand
at 1058 cm1 to 1066–1090 cm1 in these complexes
[15,24,25]. The low frequency region of the spectra revealed
the presence of medium intensity bands in the region of 600–
300 cm1 due to m(M–N) and m(M–O) [32,33] respectively in
all the complexes which supports the involvement of N, O [9]
and also m(M–Cl) vibrations in Co(II) and Ni(II) complexes
which supports Cl complexation [25,34] with metal ions under
investigation.
Thus, the IR data suggest that the Schiff base is bound to
the metal ions through the phenolic oxygen and imino nitrogen
with ONNO donor atoms.
3.2.5. Magnetic data of metal complexes
The magnetic susceptibility observed at room temperature and
magnetic moments calculated show strikingly subnormal val-
ues. The observed and expected magnetic moments are tabu-
lated in Table 4. The magnetic moments of Co(II), Ni(II)
and Cu(II) complexes are observed at 1.28 B.M, 1.27 B.M
and 0.98 B.M, respectively. The Zinc(II) complex was found
to be diamagnetic in nature. The theoretical values of Mag-
netic moments for free Co(II), Ni(II) and Cu(II) ions are
3.87, 2.83 and 1.73, respectively.
The subnormality in magnetic moments has been ascribed
to antiferromagnetism which is due to the interaction between
electron spins on neighboring metal ions. It is generally
accepted that the mechanism of the exchange interactions
involves the mutual pairing of electron spins via orbital over-
lap. Antiferromagnetic exchange may be metal–metal interac-
tion or super exchange [35].
Metal–metal interactions involve direct overlap of orbitals
containing the unpaired electrons, which inﬂuences the mag-
netic behavior whereas super exchange involves the interaction
of electrons with opposite spins on the two interacting ions vias (cm1).
m(C–O)
phenolic
m(N–N) New bands
1171 1058 _
1189 1073 998, 763, 687, 607, 563, 390
1189 1067 1020, 998, 487, 416, 383
1182 1066 1023, 559, 416, 385, 368, 345, 320
1183 1090 1383, 1020, 674, 559, 478, 416, 383, 368, 290
Table 4 Magnetic and electronic spectral data of DPE-HBO complexes.
Complex leﬀ (B.M)
(298 K)
(Observed)
leﬀ (B.M)
(Expected)
UV–Vis bands
m(cm1)
Assignment (m2)/(m1) B (cm
1) 10Dq (cm1) b
Co(II) complex 1.28 4.7–5.2 6253 4T1g(F)ﬁ 4T2g(F) 1.92 517.4 5797 0.532
1. Octahedral 12,048 4T1g(F)ﬁ 4A2g(F)
27,247 4T1g(F)ﬁ 4T1g(P)
26,666 Charge transfer
2. Square planar 8568 4A2ﬁ 4T1g(F)
Ni(II) complex 1.27 2.5-3.5 7564 3A2g(F)ﬁ 3T2g(F) 1.68 464.90 5207 0.451
1. Octahedral 12,771 3A2g(F)ﬁ 3T1g(F)
26,809 3A2g(F)ﬁ 3T1g(P)
28,571 Charge transfer
2. Square planar 18,450 1A1gﬁ 1B1g
Cu(II) complex 0.98 1.8–2.18 12,033 2B1gﬁ 2A1g 1.82 _ _ _
21,929 2B1gﬁ 2B2g
23,424 2B1gﬁ 2Eg
27,072 Charge transfer
Zn(II) complex dia _ _ _ _ _ _ _
S462 N. Kavitha, P.V. Anantha Lakshmian intermediate diamagnetic anion(s) which results in effective
pairing leading to a minimum number of unpaired spins in the
ground state of the system. Both the mechanisms seem to be
operative in the complexes of DPE-HBO [25,36]. However,
detailed cryomagnetic studies are required to give more conﬁr-
matory conclusions in this regard.
3.2.6. Electronic spectra of the complexes
The UV–Vis peaks conﬁned to p–p* and n–p* transitions of
benzene, benzoxazine and phenolic groups in the ligand were
shifted to a shorter wavelength (higher frequency) observed
at 39,062, 34,129, 32,894 cm1, 39,062, 34,602, 33,670 cm1
and 49,261, 44,843, 38,461 cm1 in Co(II), Ni(II) and Cu(II)
complexes, respectively. No change in the absorption fre-
quency of lactone carbonyl (31,545 cm1) in all the complexes
indicates its non participation in complexation. An increase in
wavelength (or decrease in frequency) for ring and free azome-
thine groups in Co(II) and Ni(II) complexes (31,250 and
31,055, 29,673 and 28,901 cm1, respectively) and shift toward
shorter and longer wavelength seen at 32,670 and 31,055 cm1
for ring and free azomethine groups respectively in Cu(II)
complex, is due to consequence of coordination with metal
ions, conﬁrming formation of DPE-HBO metal complexes.
Selective electronic bands are given in Table 4.
The electronic spectrum of Co(II) complex shows bands at
6253, 12,048, 27,247 cm1 corresponding to the transitions
4T1g(F)ﬁ 4T2g(F) (m1), 4T1g(F)ﬁ 4A2g(F) (m2), and 4T1g(-
F)ﬁ 4T1g(P) (m3) [16,25] which are characteristic of six coordi-
nate octahedral geometry of Co(II) complexes. A moderately
intense band seen at 26,666 cm1 can be conﬁned to L–M
charge transfer transition. The structure is also further con-
ﬁrmed by the ratio of m2/m1 = 1.92, which is close to the value
expected for the octahedral structure [37,38]. The spectrum
also shows a band at 8568 cm1 corresponding to
4A2ﬁ 4T1g(F) transition which is consistent with square pla-
nar geometry [39], which thus supports the presence of both
octahedral and square planar geometry within the same com-
plex (Fig. 3).
Ni(II) complex shows bands at 28,571, 7564, 12,771,
26,809 cm1. The band at 28,571 cm1 is due to charge trans-
fer and the last three correspond to 3A2g(F)ﬁ 3T2g(F) (m1),3A2g(F)ﬁ 3T1g(F) (m2), 3A2g(F)ﬁ 3T1g(P) (m3) transitions
respectively [16,25,38,40]. This suggests octahedral stereo-
chemistry around Ni(II) complex. The structure is also further
conﬁrmed by the ratio of m2/m1 = 1.68, which is close to the
value expected for octahedral structure [38]. It also shows a
band at 18,450 cm1 corresponding to 1A1gﬁ 1B1g transition
which is also consistent with square planar geometry [39], thus
supporting the presence of both octahedral and square planar
geometries within the same complex (Fig. 3).
UV spectrum of Cu(II) complex showed three bands,
12,033, 21,929 cm1 and 23,424 cm1 corresponding to
2B1gﬁ 2A1g (m1), 2B1gﬁ 2B2g (m2) and (m3) 2B1gﬁ 2Eg transi-
tions in octahedral (Fig. 4) geometry [25,40]. The moderately
intense band for the complex in the region of 27,027 cm1 is
assigned to the Lﬁ Cu(II) (ligand to metal) charge transfer
transition.
In Zn(II) complex, the d shell is complete, and is not avail-
able for bonding. The metal is relatively soft compared with
the other transition metals, probably because the d electrons
do not participate in metallic bonding. There is no ligand ﬁeld
stabilization effect in Zn+2 ions because of its complete d shell.
Thus the stereochemistry of its complex is determined solely by
consideration of size, electrostatic forces and covalent bonding
forces and based on the other data provided, octahedral geom-
etry (Fig. 4) has been proposed for it [41].
The ligand ﬁeld parameters 10Dq and B have been calcu-
lated for Co(II) and Ni(II) complexes. The Racah inter elec-
tron repulsion parameter B observed for these complexes are
less than that of the free ion. The nephelauxetic parameter
b= B/B0 is less than one in these complexes [42]. All these
observations suggest that the metal-ligand bond in the com-
plexes is covalent in nature. The Racah inter-electron repulsion
parameter (B) and nephelauxetic parameter b for Co(II) com-
plex (B = 517.4 cm1 b= 0.532) and Ni(II) complex
(B = 464.90 cm1 and b= 0.451) suggest considerable
amount of covalent character of the M–L bond in them
[37,38].
3.2.7. ESR spectrum of copper(II) complex
The spectrum of DMSO solution of Cu(II) complex of DPE-
HBO measured at X-band frequency at 300 K (RT) and
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Figure 5 ESR spectrum of DPE-HBO Cu(II) complex at LNT.
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Table 5 Spin Hamiltonian parameters of Cu(II) complex of DPE-HBO in DMSO at 300 and 77 K.
Complex g|| g
^ gav G A|| · 104 (cm1) A^ · 104 (cm1) Aiso · 104 (cm1) a2 b2
[Cu(L)(H2O)2].H2O 2.16 2.07 2.10 2.11 121.36 54.30 76.65 0.567 1.617
S464 N. Kavitha, P.V. Anantha Lakshmi77 K (LNT) (Fig. 5) provides useful information which is
important in studying metal ion environment. The spin Ham-
iltonian parameters of the complexes were calculated and are
summarized in Table 5.
The Cu(II) complex at 300 K shows one intense absorption
band in the high ﬁeld region and is isotropic due to the tum-
bling motion of the molecules. However, this complex in the
frozen state at 77 K shows four well resolved peaks in the
low ﬁeld region and one intense peak in the high ﬁeld region.
The g-tensor value of the copper complex can be used to
derive the ground state. In octahedral complexes, the unpaired
electron lies in the dx2-y2 orbital [43]. For this complex, the
observed g-tensor values are gll = 2.16 > g
^= 2.07 > 2.0023
which suggests that this complex has an octahedral geometry
and the ground state is 2B1g. The ESR parameters of the com-
plex coincide well with the related systems which conﬁrm that
the complex has an octahedral geometry and it is axially sym-
metric. In the axial spectra, the g-values are related with the
exchange interaction coupling constant G by the expression
[44],
G ¼ gjj  2:0023=g?  2:0023
According to Hathaway [45] if G value is larger than four, the
exchange interaction is negligible because the local tetragonalFigure 6 Powder XRD spectra of DPE-HBO and its complexes.axes are aligned parallel or are slightly misaligned. If its value
is less than four, the exchange interaction is considerable and
the local tetragonal axes are misaligned. For the present Cu(II)
complex, G is 2.11, which indicates considerable exchange
interaction in the solid complex.
The covalent in-plane p-bonding (b2), and in-plane r-bond-
ing (a2) parameters are calculated according to the following
equation [46],
a2Cu ¼ ðAjj=0:036Þ þ ðgll  2:0023Þ þ 3=7ðg?  2:0023Þ þ 0:04
b2 ¼ ðgjj  2:0023ÞE= 8ka2;
where k= 259 cm1 and E is the electronic transition energy
of 2B1gﬁ 2A1g which is 12,033 cm1.
The k value is calculated using the equation: [46],
gav ¼ 1=3ðgjj þ 2g?Þand gav ¼ 2ð1 2k=10DqÞ;
which is observed to be less than that for the free Cu(II) ion
(828 cm1). This reduction in k from the free ion value is an
evidence of covalence in M–L bond [47].
The lower value of k indicates that there is a considerable
mixing of ground and excited state terms. If the a2 value is
0.5, it indicates a complete covalent bonding, while if the value
is 1.0, suggests a complete ionic bonding. From the Table 5, it
is clear that the in-plane r-bonding parameter a2 (0.56) [48] is
more covalent than the in-plane p-bonding b2 (1.617) [49].
These data are well in accordance with other reported values.
3.2.8. Powder X-ray diffraction studies
Structure determination by X-ray powder diffraction data has
gone through a recent surge since it has become important to
get the structural information of materials which do not yield
good quality single crystals. Single crystals of the complexes
under investigation could not be prepared to get the XRD
and hence the powder diffraction data were obtained for struc-
tural characterization [50]. The X-ray diffractogram of the
ligand and the complexes were recorded in the range of 5 to
80 2h values, which are shown in the Fig. 6. The XRD pattern
indicates that the ligand and its complexes have well deﬁned
crystalline patterns, with various degrees of crystallinity. Some
of the extra peaks present in the complexes compared to ligand
prove the coordination of metal ion forming complexes [51].
4. Conclusions
In the present study, our efforts were to synthesize and charac-
terize new ligand and its metal complexes. The new ligand was
synthesized from the conventional as well as microwave meth-
ods. Microwave method has been considered a green chemical
route. In the course of microwave assisted synthesis, it was
observed that the reaction time decreased from hours to min-
utes and the product was available with better yield as com-
pared to the conventional method. Use of the catalyst is also
minimized in this synthesis. These synthesized compounds
were characterized by various chemical and spectral analyses.
Thermogravimetric analysis of Co(II), Ni(II), Cu(II) and Zn(II) complexes S465In the microwave method homogeneity of the reaction mix-
ture was increased by the rotation of the reaction platform
tray. The conﬁrmation of the result was also checked by
repeating the synthesis process.
All the complexes except that of Zn(II) complex are para-
magnetic but they are strikingly showing subnormal magnetic
moments probably due to metal–metal interaction and super
exchange phenomena. Based on the analytical, conductance,
thermal, spectral and magnetic moments data octahedral
geometry has been suggested for Cu(II) and Zn(II) complexes
whereas Co(II) and Ni(II) complexes show both octahedral
and square planar geometries within the same complex and
all the complexes studied here are behaving as polymers.Acknowledgements
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